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Scenario analyses are widely used in forest sector foresight studies, being typically based on 19 
either qualitative or quantitative approaches. As scenario analyses are used for informing 20 
decision-makers, it is of interest to contrast the similarities and differences between the 21 
scenario processes and outcomes using quantitative and qualitative approaches and to explore 22 
the underlying causes of differences. This paper uses the output from a qualitative scenario 23 
study to design forest sector model (FSM) scenarios and compares the results from the two 24 
approaches. We analyse two cases on wood products markets in Norway: i) Wood products 25 
suppliers establish a developer firm specializing on wood construction to boost demand, and 26 
ii) Levying a carbon tax while reducing CO2 emissions in cement production. Comparing the 27 
qualitative studies (innovation diffusion analysis, backcasting and Delphi) and FSM analyses 28 
(NorFor model), the results resemble for case ii) but deviate strongly for case i). Notably, the 29 
strategy aiming to boost the demand for domestic wood products leads in NorFor mainly to an 30 
increase in imports with limited impact on Norwegian sawnwood production. Causes of the 31 
discrepancies are discussed. Despite the challenges of combining the two frameworks, we 32 
believe that the method where assumptions based on stakeholder input or other qualitative 33 
research approaches are elaborated in a FSM and compared, should be more explored. 34 
Importantly, applying various methods and frameworks allows for complementing and 35 
diversifying the picture, and thus improving the knowledge base. 36 
 37 
 38 
Keywords: foresight; partial equilibrium modelling; NorFor; wood products 39 
 40 
 41 
Accepted manuscript, Journal of Forest Economics: 42 




1 Introduction 44 
 45 
Various techniques and approaches exist for the study of the future. It makes sense to pursue 46 
diverse approaches in forward-looking studies to gain a holistic view of the problem (For-learn 47 
2016). Further, as noted by Gordon & Glenn (2009), diverse methods can identify affecting 48 
factors which any of the techniques alone might have missed. The simultaneous use and 49 
comparison of alternative research approaches, methods and data in the study of the same 50 
phenomenon can be referred to with the term “triangulation”. This form of triangulation 51 
remains rare in forest sector outlook literature (Hurmekoski & Hetemäki 2013). 52 
Despite the clear motives, joint undertakings between qualitative and quantitative 53 
research are not the norm in practice (Varho & Tapio 2013). According to Lüdeke (2013), 54 
researchers tend to take one of the two following positions: Either that only quantitative 55 
methods are regarded as truly scientific or that quantitative methods tend to obscure the reality 56 
of the phenomena under study, because they underestimate or neglect the non-measurable 57 
factors. As further argued by Lüdeke (2013), quantitative approaches allow for handling the 58 
information in consistent and reproducible ways, combining figures, comparing data, and 59 
examining rates of change, which allows for much greater precision than simply talking about 60 
increases or decreases. Yet the operational range of any model, including quantitative models, 61 
is restricted by the data. The intangible nature of some of the affecting factors of which we 62 
have very limited data or knowledge, implies that qualitative approaches may be equally useful, 63 
for example in bringing forward information that can be incorporated into quantitative models.  64 
There are very few studies in the forest sector literature explicitly comparing or 65 
combining forest sector modelling and qualitative foresight methods (e.g., Sjølie et al. 2016, 66 




outcomes obtained by qualitative foresight analysis and forest sector modelling through 68 
selected case studies on wood products markets. The findings from the empirical cases are used 69 
to identify needs for further method development and possible directions towards combining 70 
different lines of research. In the next section, we will put forward the methods and data used 71 
for the study, while section 3 describes the two case studies that form the basis for the scenarios. 72 
The results are described in section 4, followed by conclusive remarks.  73 
 74 
 75 
2 Methods and data 76 
 77 
The research design follows the framework set by Fortes et al. (2015) for combining and 78 
comparing qualitative and quantitative approaches (see Fig. 1), in which the results of the 79 
qualitative studies are used to focus and set up the scenarios for the quantitative study. 80 
Moreover, the framework suggests exploring, whether the conclusions from the different lines 81 
of research conflict each other, and whether some results are exclusive to one of the approaches. 82 
 83 
 84 
Figure 1. Process for linking qualitative foresight approaches and quantitative methods and 85 













The research process consisted of three stages: First, the existing literature on the factors 88 
affecting the markets of sawnwood used for construction – the single most significant end use 89 
category of wood products – were identified and analysed. These data convey numerous factors 90 
affecting the wood construction market that could feed into a modelling exercise as variables. 91 
Second, scenarios were developed for two case studies, chosen based on the ability of the forest 92 
sector models (FSM) (see, e.g., Kallio et al. 1987, Latta et al. 2013) to quantify the affecting 93 
factors, and on the novelty of the perspectives given the existing literature. Third, the scenarios 94 
of the two cases were run with a FSM, and the results were compared to the results from the 95 
qualitative studies. 96 
The qualitative data are based on a state-of-the-art literature review and an expert survey 97 
(Hurmekoski 2016), building on innovation diffusion analysis (Rogers 2003), participative 98 
backcasting (Dreborg 1996) and Delphi (Linstone and Turoff 2002). The innovation diffusion 99 
framework identifies a variety of complex and interrelated factors related to the attributes of a 100 
given product or technology, the perceptions towards it and the context structure (Roos et al. 101 
2014), and explores the possible rate of market diffusion based on the total of these factors. 102 
Backcasting entails looking back from a preferred future typically set by stakeholders and 103 
identifying the steps that need to be taken to achieve it. Empirical data for the backcasting 104 
exercise were collected by performing a Delphi survey, employing a web-based questionnaire 105 
and semi-structured interviews. The combined results of these approaches were used to guide 106 
the scenario analysis for the two case studies. 107 
The scenarios were run with the partial equilibrium forest sector model NorFor (Sjølie 108 
et al. 2011a), that has been applied for several studies of economic and greenhouse gas 109 
mitigation potentials in the Norwegian forest sector (Sjølie et al. 2011b, 2013a, 2013b, 2016). 110 
The NorFor model maximises the discounted social welfare in the Norwegian forest sector (i.e., 111 




the behaviour of three groups of agents: forest owners, forest industry and consumers of wood 113 
products. Forest owners are assumed to maximize the profit from selling timber and harvest 114 
residues and the utility from owning old-growth forest, industry to maximize the profit from 115 
producing and selling wood products and consumers to maximize the utility from consuming 116 
wood products. The model simulates how these groups of agents adapt to changes in economic 117 
and policy frames (‘what if’ scenarios), based on perfect foresight (intertemporal optimization) 118 
in 5-year periods to year 2100. 119 
The growth and management of almost 9,000 plots covering all productive forest in 120 
Norway are simulated, with management and harvest timing (including never harvest) being 121 
endogenous to the model. The optimal management regime and harvest timing for all forest 122 
land is found as part of the optimal solution. Harvest residual supply costs are given on the 123 
county level, with supply in each period being capped by the county harvest level. 124 
There are only about 20 pulp, paper and board mills in Norway, each specified in the 125 
model with input-output coefficients and capacities. These parameters are modelled on the 126 
county level for the sawnwood and bioenergy industries. Sawnwood products include spruce, 127 
pine and birch sawnwood. The pulp, paper, board and bioenergy industries consume sawmill 128 
chips and pulpwood, and the bioenergy sector also harvest residuals. Bio-heat options include 129 
stoves in homes burning wood or pellets and water-borne heating systems fed by chips or 130 
pellets for consumers and industry.  131 
Demand for wood products is given on the county level and changes with price and 132 
GDP growth, the latter being influenced by population growth. The assumed GDP growth rate 133 
is 1.5% p.a. in Norway and 1.0% p.a. in other counties. Two foreign regions ensure balance in 134 
the markets; trade with foreign markets or between some of the nineteen domestic regions takes 135 




Carbon is accounted for in the major components in the model: carbon sequestered as 137 
trees grow and stored in stem, branches, tips and roots as well as in the soil, based on the 138 
Marklund (1988) functions. Greenhouse gas emission rates from silviculture, the use of 139 
machinery, transportation and processing are added based on life-cycle analyses; a full account 140 
of these numbers are given in Trømborg and Sjølie (2011). Carbon stored in wood products are 141 
included, as well as the products’ expected life span and substitution rates, based on Petersen 142 
and Solberg (2005). All wood products are assumed to be combusted at the end of their life 143 
cycle, and to replace domestic heating oil. 144 
Given the degrees of economic sectoral details that few other quantitative models can 145 
match, combined with the carbon fluxes and possibilities for pricing carbon, we found the 146 
NorFor model being very suitable for carrying out this analysis. 147 
 148 
 149 
3 Case studies 150 
 151 
3.1 Case one: Moving downstream in the construction value chain 152 
 153 
A recent backcasting study (Hurmekoski et al. 2017) identified two major pathways for 154 
increasing the market share of wood construction and the value added of the industries by 2030. 155 
One is based on gradual process change and standardisation. The other is based on firms 156 
moving downstream in the construction value chain, for example, by wood products suppliers 157 
establishing a joint developer firm that would specialize on wood construction. The latter 158 
pathway was by the interviewed experts regarded to be markedly more efficient in pursuing 159 




were identified, such as industrial prefabrication, standardisation, and shifts in the value chain. 161 
Some of the measures could potentially lead to simultaneously meeting both targets. 162 
In reference to the above, the first case explores the consequences for the forest sector, 163 
if the market share of wood construction was to considerably increase by 2030. The scenario 164 
assumes a 15% increase in sawnwood demand per 5-year interval for the period 2010–2030 165 
and a 5% increase per 5-year interval for the period 2030–2050. This results in roughly 166 
doubling the demand between 2014 and 2050 which is in the scale what the qualitative studies 167 
indicate being possible (Hurmekoski et al. 2017).  168 
 169 
 170 
3.2 Case two: Advanced construction technologies under more stringent 171 
environmental regulation 172 
 173 
The qualitative studies showed that wood construction markets are critically dependent on the 174 
regulatory and cultural acceptance for wood construction and on the competition with other 175 
construction products (Hurmekoski 2016). The latter point has not received enough attention 176 
in wood construction outlook literature – wood-based construction practices tend to be 177 
compared to conventional construction methods based on Portland cement also in long-term 178 
outlook studies (Hurmekoski et al. 2015b). Yet it makes a significant difference for both 179 
economic and environmental competitiveness, what the wood-based practices are being 180 
compared to. Notably, it appears that the greenhouse gas emissions of modern cement 181 
manufacturing could be reduced by 20–70 % compared to conventional Portland cement (e.g. 182 




policies are typically considered to lend a competitive advantage for wood construction 184 
exclusively. 185 
The case consists of two scenarios. The first examines the consequences of addressing 186 
the market failure of environmental externalities by introducing a carbon tax of 100 €/ton 187 
CO2eq for the industrial and usage part of the forest sector, i.e., industrial processing, wood 188 
product storage and substitution, while forests and forestry are excluded. For each period, taxes 189 
are levied if greenhouse gas emissions are above baseline levels. On the other side, subsidies 190 
are paid if emissions are below baseline levels. Subsidies are granted for wood product carbon 191 
storage if the change of stock is larger in a given period than in the base scenario. Analogously, 192 
if substitution of fossil-based products is higher and thus leads to more avoided emissions than 193 
in the base, subsidies are granted. The carbon tax is set on a high level, compared to the long-194 
term level of the EU emissions trading system (ETS) price per permit (around 7 €/ton), since 195 
the socially optimal level for CO2 emissions has been suggested to be as high as 140 $/ton in 196 
the industrialized countries to reflect the true societal costs of the emissions (OECD & IEA 197 
2014). 198 
The second scenario for this case additionally assumes that the displacement factor of 199 
concrete, i.e. the impact on greenhouse gas emission when wood substitutes concrete and steel 200 
in construction, is diminished by 50 %, i.e., from 431 to 215.5 kg CO2eq/m
3.  201 
Table 1 summarizes the assumptions for a total of four scenarios for the two cases. The 202 
emphasis of the analysis is on value creation, trade balance and carbon flows. 203 
 204 




Table 1. Case study assumptions. 206 
 Scenario Demand for sawnwood CO2 tax Sawnwood-concrete 
carbon substitution 
coefficient 
 1) Reference Business as usual – 
follows a 1.5% p.a. GDP 
growth 
- 431 kg CO2eq/m3 
Case I 2) Moving downstream 
in the construction value 
chain: Establishing a 
developer firm owned 
by wood products 
suppliers 
15 % per 5-year interval 
2010-2030; 
5 % per 5 year interval 
2030-2050; 2050- no 
additional demand 
growth 
- 431 kg CO2eq/m3 
Case II 3a) Levying a CO2 tax 
for the production of 
construction products 
Business as usual – 




431 kg CO2eq/m3 
 3b) Levying a CO2 tax, 
and reducing the cement 
production emissions 
through the uptake of 
advanced technologies 
Business as usual – 




215.5 kg CO2eq/m3 
 207 
 208 
4 Results and discussion 209 
 210 
Figures 2–5 show the results of the two cases for the sawnwood demand, sawnwood net 211 
exports, sawnwood and sawlog prices, and greenhouse gas flows under the four scenarios up 212 
to 2050. In the case of increasing the market share of wood construction (case 1), one of the 213 
most significant findings from the NorFor runs is that the notable demand increase for 214 
sawnwood leads the domestic production of sawnwood to grow by only 0.5 million m3, while 215 
the rest of the 2 million m3 demand growth is satisfied by imports, as shown in Fig. 3. This is 216 
in contrast with the strategy of the wood products firms and the ambition to increase the demand 217 
for own sawnwood products. The import growth spurred by higher demand can be explained 218 
by imports being more elastic than domestic supply in the model in the short run. However, if 219 




firms could indeed be to shift from a supplier position to a developer or main contractor 221 
position, if the resources and the organisational culture of the firm allow it. 222 
The model runs suggest that doubling the demand of sawnwood would trigger an 223 
increase of 27% in the sawnwood producer surplus. This finding would question the view 224 
obtained from qualitative analysis regarding a simultaneous and similar scale increase in value 225 
added and in market share. However, one needs to remember that the model does not include 226 











Figure 3. Scenario impacts on sawnwood net exports. 235 
 236 
 237 






Figure 5. Scenario impacts on greenhouse gas flows in the forest sector. 241 
 242 
Regarding the case of introducing a carbon tax and a consequent uptake of cement 243 
production processes with considerably lower emissions (Scenario 3b), one of the most 244 
significant findings is that the scenario with market-driven elevated demand for sawnwood 245 
would seem to result in larger potential for climate change mitigation compared to the 246 
introduction of a carbon tax. Furthermore, the substitution effect (avoided emissions) under the 247 
carbon tax is close to the reference scenario, in the case of advanced concrete products in the 248 
model (3b). However, again one needs to note that the results can only be held as indicative, 249 
as the competition in the construction sector in this model is represented exclusively by the 250 
CO2eq displacement factor for sawnwood. 251 
The introduction of the carbon tax increases only the price of sawlog in the domestic 252 
market and not sawnwood. Sawnwood is a more global good than sawlogs, with higher import 253 
price elasticity, more stable prices and lower transportation costs. However, with carbon taxes 254 




by-products rise significantly which improves the competitiveness of sawmills. The carbon tax 256 
benefits both forest owners with higher timber prices, and sawmills who improve the producer 257 
surplus.  258 
Table 2 summarizes the similarities and differences of the qualitative and quantitative 259 
approaches for the selected cases. The scenario outcomes may look different, if the secondary 260 
processed products or even an entire construction end use module was integrated to the model. 261 
One could also try to include a stochastic component to the model (e.g., Kallio 2010) or 262 
compute marginal cost curves at certain intervals as a form of sensitivity analysis. 263 
 264 
Table 2. Comparisons of qualitative study findings and NorFor outcomes. 265 
 
Findings from qualitative 
studies 
NorFor outcomes Similar 
Supply and 
demand 
Wood product suppliers ought 
to establish a common 
developer firm to boost 
demand for their products 
Demand increase increases 
production by 0.5 Mm3 and imports 





The means and impacts of 
pursuing increased market 
share and value added are very 
similar 
Doubling the demand for sawnwood 
results in 27 % growth in producer 
surplus 
No 
Carbon flow The uptake of competing 
green construction products 
could severely affect the 
market prospects of wood 
construction 
The demand (and CO2 reduction 
potential) of wood construction is 
close to the reference even when a 
carbon tax is introduced. if 




However, each of these directions pose further challenges. Firstly, the inclusion of, for 267 
example, engineered wood products or construction elements would possibly require 268 
expanding and re-estimating the demand equation. This is highly relevant, because explaining 269 
the demand of substitute products exclusively by the GDP and prices creates model bias due to 270 
omitted variables, leading to issues with serial correlation in the absence of relevant data (see 271 




newsprint (Hetemäki & Obersteiner 2001, Johnston 2016). However, it is possible to address 273 
the issue also by relying on Bayesian econometrics (e.g., Hetemäki & Obersteiner 2001, 274 
Bolkesjø et al. 2003), so that one would at least indirectly capture the omitted variables for the 275 
products in other phases of their life cycle than maturity. Alternatively, the demand for such 276 
products would need to be addressed by exogenous S-curve projections or similar extrapolation 277 
techniques (Kucharavy & De Guio 2011), or, for example, agent-based modelling (e.g., Zhang 278 
et al. 2011).  279 
Related to this, introducing a construction sector end use module with a formal 280 
presentation of the competition between sawnwood, concrete, bricks, etc. would be needed to 281 
shed further light on the possible impacts of environmental policies (cf. Moiseyev et al. 2013). 282 
However, for the case of construction, this might be more demanding compared to for example 283 
an energy module, as the drivers of demand in construction are not homogeneous between 284 
regions and market segments. Moreover, some of the decisive affecting factors appear elusive, 285 
such as the risk perceptions of the CEO’s of main contractor firms making the final decisions, 286 
or the culture and traditions of using different materials (Hurmekoski 2016). Under the 287 
influence of such diverse decision criteria and heterogeneity of products, costs may be a 288 
secondary decision criteria when it comes to substitution between different construction 289 
techniques. It might only be in the long run that the markets become established and 290 
standardised so that costs begin to play a decisive role. 291 
Moreover, of the two possible ways of affecting value added (reducing costs versus 292 
increasing value), one may argue that the latter option appears to be more valid in the Western 293 
economies. This would translate to developing new products and increasing the role of product-294 
related services (Näyhä et al. 2015). 295 
This discussion points to several challenges in coupling a qualitative study and FSM. 296 




main agents are formally specified with a theoretically based behaviour. However, as most 298 
FSM, NorFor does not include downstream products, such as industrially prefabricated 299 
construction elements. While addressing this issue in satisfactory precision would require 300 
extensive work, such products could be introduced by adding a new product layer, with their 301 
own cost structure, demand functions and capacities. Another option could be to modify the 302 
demand functions for sawnwood given the changes in the prefabrication segment. 303 
Finally, generalising the discussion for the study of the forest products markets one may 304 
argue that the most suitable method depends on the life cycle stage in which the given product 305 
is – i.e., introduction, growth, maturity, or decline (see e.g. Routley et al., 2013). That is, as the 306 
market characteristics and the subsequent driving forces differ significantly between the 307 
different life cycle stages, a more holistic picture of the forest product market developments 308 
could be gained by addressing each of the product life cycle categories separately, with the 309 
most suitable methods and data for each respective category. Table 3 presents an attempt to 310 
characterise the different market segments by life cycle stage and suggests suitable research 311 
approaches for each segment. Here, it should be emphasised that a framework for building 312 
bridges across the markets in different life cycle stages would be desirable, given that the 313 
developments in different markets influence each other. Kallio et al. (2015) is a recent example 314 
where different types of demand functions were applied for various forest products, 315 
highlighting that this can be relatively effortlessly be done in most present FSMs. Regarding 316 
utilizing qualitative study results in FSM, the main challenge is to translate the qualitative 317 







Table 3. Characterization of markets and relevant methods at different life cycle stages for 322 
forest products. 323  
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5 Conclusions 326 
 327 
The paper uses the output from qualitative futures studies to form forest sector modelling 328 
(FSM) scenarios and compares the output through two cases on wood products markets: i) 329 
Wood products suppliers establish a developer firm specializing on wood construction to boost 330 
demand for their products, and ii) Introduction of a carbon tax and reducing CO2 emissions in 331 
cement production. Regarding case i), the FSM model results suggest that it may be very 332 
difficult for the sector to meet their goals for the market share of wood construction (demand 333 
for sawnwood) and the value added of the wood products industries. Regarding case ii), the 334 
market diffusion of advanced concrete products could diminish the possible positive impact of 335 
levying a carbon tax on construction products, from the point of view of the wood construction 336 
sector. These aspects conform to the majority of expert views in a backcasting study 337 
(Hurmekoski et al. 2017) and the qualitative analysis in an innovation diffusion study 338 




FSM could be a coherent framework for assessing and monitoring the balance of 340 
stagnating or declining mature intermediate product markets and the growing niche markets in 341 
the interfaces of other sectors, if the demand for existing and emerging forest products can be 342 
specified. However, the means of accurately capturing the factors affecting the demand, 343 
particularly for new products for which little data exists, are to a large extent missing within 344 
the current framework. Despite these challenges, this study shows that it can be of interest to 345 
create assumptions based on stakeholder input or other qualitative research approaches to be 346 
elaborated within FSM. Applying quantitative models can be a way to put the realism of the 347 
stakeholder views and targets to test (see Sjølie et al. 2016). Perhaps most importantly, applying 348 
various methods and frameworks allows for complementing and diversifying the picture, and 349 
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